Background Open reduction and stabilization of dorsal pelvic ring injuries is accompanied by a high rate of soft tissue complications. Minimally invasive techniques have the potential to decrease soft tissue trauma, but the risk of iatrogenic nerve and vessel damage through the reduced surgical exposure should be considered. We treated these injuries using a transiliac internal fixator (TIFI) in a minimally invasive technique characterized by implantation of a pedicle screw and rod system, bridging the sacroiliac joints and the sacral area. Questions/purposes We asked whether (1) we could achieve anatomic restoration with the device, (2) specific complications were associated with this minimally invasive approach (particularly enhanced intraoperative blood loss, soft tissue complications, and iatrogenic neurovascular damage), and (3) function 3 years after trauma was comparable to that of established methods. Methods We retrospectively reviewed 67 patients with dorsal pelvic injuries during a 7-year period. We evaluated the (1) reduction by grading the maximal displacement measured with three radiographic views, (2) the complications during the observation period, and (3) the function with a validated questionnaire (Pelvic Outcome Score) in all but five patients at least 3 years after trauma (mean, 37 months; range, 36-42 months). Results At last followup we observed a secondary fracture displacement greater than 5 mm in one patient. The intraoperative blood loss was less than 50 mL in all patients. No neurovascular lesions occurred owing to implantation. Four patients had wound infections, one had loosening of a single pedicle screw, and one had an iatrogenic screw malpositioning. Thirty-five of the 62 patients achieved Pelvic Outcome Scores of either a maximum score or 6 of 7 points. Conclusion Our observations suggest TIFI is a reasonable alternative to other established fixation devices for injuries of the dorsal pelvic ring with minor risks of major blood loss or iatrogenic neurovascular damage. Level of Evidence Level IV, therapeutic study. See Guidelines for Authors for a complete description of levels of evidence.
Introduction
Unstable pelvic ring fractures are severe injuries with a mortality rate of as much as 30%, mainly owing to hemorrhage or accompanying injuries [3, 37] . They usually Each author certifies that he has no commercial association (eg, consultancy, stock ownership, equity interest, or patent/licensing arrangement) that might pose a conflict of interest in connection with the submitted article. Each author certifies that his institution has approved or waived approval for the human protocol for this investigation and that all investigations were conducted in conformity with ethical principles of research. The work was performed at the Department of Trauma Surgery of the University Hospital, Regensburg, Germany. are attributable to high-energy injuries [27, 38] . The majority of surviving patients consider their quality of life as mediocre or worse [7, 10, 17, 39] , and the treatment often is challenging for the surgeon.
One report suggests invasive stabilization is important [13] . However, some surgical approaches for treatment of unstable posterior pelvic ring injuries have disadvantages: (1) anterior plate fixation of the sacroiliac joint places the L5 root at risk during dissection and implant placement, and tremendous blood loss [2, 8] ; (2) posterior fixation with transiliac sacral bars that bridge the contralateral sacroiliac joint and cause discomfort in thin patients owing to prominent implants [4] ; (3) posterior plate osteosynthesis (open or in a minimally invasive percutaneous technique), intraoperatively, correct bending of the plates is sometimes difficult to achieve and an extended approach for hardware removal might be necessary even in initial percutaneous techniques [19] ; and (4) screw fixation of the sacroiliac joint (open or in a percutaneous technique) for which an experienced surgeon and high intraoperative fluoroscopic quality are essential [1, 30, 34] . One mechanical study suggests there are no differences in secondary fracture displacement among these techniques, and the best treatment remains controversial [42] .
Surgical exposure with open reduction and fixation can be associated with subsequent wound-healing problems and high infection rates. When using posterior open reduction and internal fixation, the range of wound complications varies among studies from 5% to 25% [15, 18, 32] . Minimally invasive, percutaneous procedures minimize soft tissue injury but the risk of iatrogenic neurovascular lesions is not negligible. Furthermore anatomic reduction does not guarantee patient satisfaction [7] . Long-term problems associated with operatively treated pelvic ring injuries include various complications such as pain, restrictions in activities of daily life, sexual dysfunction, or urinary system complaints [27] .
To address the concerns regarding neurovascular injury, we developed a transiliac internal fixator in a minimal incision technique that does not require wide exposure of the fracture side. We minimize the risk of neurovascular injury by inserting only two pedicle screws and connecting them subfascial with a rod. The technique involves bridging the sacroiliac joints and the sacral area instead of a wide surgical exposure of this region. This technique was previously reported in a study of 31 patients [11] . In that study, two patients had wound infections, none experienced iatrogenic neurovascular damage, and overall, patients had high satisfaction with 50% of the patients attaining 6 or 7 of 7 points in the Pelvic Outcome Score. However that study had only a small patient collective with a maximum of 2 years followup, so conclusions for generally recommended use for this device were not possible.
To confirm the findings of the previous study [11] , we asked whether (1) we could achieve anatomic restoration with the device, (2) specific complications were associated with this minimally invasive approach (particularly enhanced intraoperative blood loss, soft tissue complications, and iatrogenic neurovascular damage), and (3) function 3 years after trauma were comparable to that of established methods.
Patients and Methods
We retrospectively reviewed 67 patients who underwent minimally invasive reduction and fixation of a dorsal pelvic ring injury between January 2000 and December 2007. According to Tile's classification [37] , we classified the injuries as C1 (46 patients), C2 (11 patients), and C3 (10 patients). Of the 67 injuries, 16 were sacroiliac displacements and 51 were sacral fractures. Of the 51 patients with sacral fractures, according to the classification of Denis et al. [6] , 17 involved the alae (Zone I), 32 involved the transforamina (Zone II), and two involved the sacral body (Zone III) ( Fig. 1 ). Sixty patients had multiple injuries and seven had isolated pelvic ring injuries accompanied only by minor extremity injuries. Seventeen patients had a complex pelvic ring injury [41] . The predominant injury mechanisms were motor vehicle accidents (30 of 67) followed by falls from a height (26 of 67). The mean patient age at the time of surgery was 36.7 years (range, 16-76 years). Twenty-nine patients were female, and 38 were male ( Table 1 ). The indications for surgery were: (1) sacroiliac displacement and (2) sacral fractures. We considered sacroiliac disruptions with an accompanying osseous lesion of the dorsal ilium and bilateral instabilities as contraindications to surgery. Five of the 67 patients did not complete followup: two died during the early postoperative period (one owing to traumatic brain injury and the other from heart failure), and three moved away or were not available for reevaluation owing to personal reasons. We therefore evaluated 62 patients at a minimum of 36 months (mean, 37 months; range, 36-42 months) . No patients were recalled specifically for this study; all data were obtained from medical records and radiographs.
We performed initial stabilization according to the Advanced Trauma Life Support program guidelines [35] . Preoperatively we evaluated the severity of the injuries using the polytrauma score (PTS) and the Injury Severity Score (ISS) [14] . The average PTS was 23.8 points (range, 3-60 points) and the average ISS was 20.3 points (range, 9-50 points). Six of the 67 patients had emergency stabilization through pelvic clamp implantation during shock room resuscitation owing to hemodynamic instabilities, despite aggressive fluid and blood replacement. In these three patients we performed the TIFI implantation 3, 8, and 12 days, respectively, after emergency stabilization. Thirty-five patients underwent a symphyseal ventral plate osteosynthesis or implantation of a ventral external fixator to treat ventral pelvic ring injuries before stabilization of the dorsal pelvic ring.
We graded posttraumatic soft tissue wounds using the system of Morel and Lavallée, as reported by Hudson et al., referring to degloving injuries occurring over the region of the greater trochanter region [16] . Seven patients had posttraumatic lesions of the lumbosacral plexis before surgery and six had urogenital lesions; two of these patients, one of whom also had major bleeding from the superior gluteal artery, required interventional embolization.
We determined displacement by grading three radiographic views (AP, 40°-caudad [inlet], 40°-cephaled [outlet]) of the pelvis according to method described by Matta and Tornetta [24] . Displacements were measured to the nearest millimeter on all three views and maximum displacement was recorded. The mean preoperative displacement was 8.7 mm (range, 3-15 mm).
Surgery was scheduled as early as possible to obtain anatomic reduction. We performed surgery within 1 to 12 days after injury; the relatively wide range reflects the time needed for patients to regain hemodynamic and pulmonary stability after the first resuscitation phase. One surgeon (BF), experienced in trauma pelvic surgery, performed all surgeries. Staff placed the patients prone on a radiolucent table. The surgeon marked the posterior superior iliac spine (PSIS) and dorsal iliac crests and used a standard posterior vertical incision of 4 cm, starting 1 cm lateral to the PSIS. The osseous insertion point then was located on the height of the dorsal iliac crest and 1 to 2 cm cranial to the PSIS (Fig. 2 ). Using a bone awl the surgeon opened the cortical bone and widened the opening parallel to the line of the posterior gluteal line until the instrument reached the opposing cortex. Pedicle screws (7 mm in diameter, Universal Spine System, Synthes, Umkirch, Germany) then were inserted, usually with a length of 50 mm to 60 mm. The same procedure was performed on the contralateral side. In the sagittal plane, a narrow angle (\ 30°) was preferred to avoid implant prominence and secondary soft tissue irritation ( Fig. 3 ). The connection bar (6-mm diameter, Universal Spine System, Synthes) then was inserted subfascially and fixed to the pedicle screws. According to the structure of the fracture, distraction or compression was applied using the distraction/compression device from the Universal Spine System (Synthes). Anatomic reduction and screw position then were checked intraoperatively using AP ( Fig. 4 ) and inlet/outlet view radiographs (15) . We performed closed reduction manually, except in two patients in whom a Schanz screw [29] was used as a joystick. The average fluoroscopy time was 0.3 minutes (range, 0.1-1.0 minute).
Patients were restricted to partial weightbearing of 15 kg for the affected limb for 6 to 8 weeks; subcutaneously administered low-molecular-weight heparin was recommended for the entire duration of partial weightbearing as prophylaxis against deep vein thrombosis. On average, patients achieved independent mobilization with limited weightbearing in 12 days (range, 6-18 days, excluding 13 patients with long-time ventilation). Hardware was removed after approximately 11.9 months (range, 0.5-26 months). Postoperatively, two surgeons (BF, TD) examined all patients at 6, 12, and 52 weeks for signs of wound healing problems or infection. A neurologic examination of the lower extremities was performed in all patients at each followup. When we detected abnormalities we consulted a neurologist. We assessed social reintegration using the German Trauma Society Score [20, 27, 28] (Table 2) . This score was developed by the German Pelvis Group (German Chapter of the AO-International and German Trauma Society). Through structured interviews the complaints of the patients regarding social reintegration, malfunction of micturia, sexual malfunction, and pain-free time are assessed as one score on a 7-point scale.
At 1 year and at the last followup, radiographs were obtained, including AP (Fig. 3 ), 40°-caudad (inlet), and 40°-cephalad (outlet) pelvic views. Two examiners (BF, TW) graded the achieved reductions by the maximum displacement measured on the three radiographic views of the pelvis according to the technique described Matta and Tornetta [24] .
Results
At the last followup of the patients with isolated pelvic trauma, 34 had anatomic reduction and 12 had residual displacement less than 5 mm. For patients with complex trauma, 11 had anatomic reduction, four had residual displacement less than 5 mm, and one had a gap greater than 5 mm owing to implant failure (Table 3) .
We identified no iatrogenic neurovascular lesions attributable to the implantation. Intraoperative blood loss was less than 50 mL in all patients. Four wound infections occurred during the first 4 weeks postoperatively, all in patients with polytrauma and long-time ventilation. We identified one malpositioned screw without any consequences to the healing process and one secondary displacement attributable to implant failure. Two patients had deep vein thrombosis with secondary pulmonary embolus. Thirteen patients had acute respiratory distress syndrome (ARDS) develop, with a maximum stay in the intensive care unit of 66 days. Twelve patients reported mild local discomfort when in the supine position, in the region of the PSIS that was relieved by standing or walking; the complaints diminished after implant removal. One patient had an asymptomatic screw loosening, which we identified during implant explantation. Five of seven patients with posttraumatic nerve lesions achieved full recovery during the first 3 years. In all six patients with posttraumatic urogenital lesions, sexual dysfunction was persistent and required ongoing urologic treatment. Twenty-one of 46 patients with pelvic ring injuries without additional pelvic injuries (two of 16 with complex pelvic ring injuries) had no subjective discomfort or restriction during daily activities (Table 4 ). Fifteen patients (four with complex pelvic ring injuries) had minor restrictions and eight (four with complex pelvic ring injuries) had intermittent pain during mobilization. Two patients experienced permanent pain and incontinence immediately after trauma occurred. Four patients with complex pelvic ring injuries had severe discomfort and restriction with urologic dysfunction, and three had permanent incontinence. Twenty-four of these 46 patients had no restrictions in social life activities, 15 had to make minor adaptations, and seven had major restrictions during work and social life ( Table 5 ). After complex pelvic injury, four patients had no restrictions, seven had minor restrictions, and five had major restrictions during work and social life.
Discussion
Pelvic injuries caused by high-energy lesions have a mortality rate as much as 30%, depending on the associated injuries [9] . Multiple treatment modalities are available with specific advantages and disadvantages, including the experience of the treating surgeon [26] . The stiffness of constructs with various posterior pelvic ring fixation devices is reportedly similar [42] . Several studies suggest anatomic reduction relates to decreased pain symptoms during activities of daily living [26, 31, 33] . Long-term patient satisfaction for patients with operatively treated pelvic injuries needs improvement and patients might experience pain, nonunion, problems with hardware, sexual dysfunction, or major restrictions in activities of daily life [17] . We asked whether (1) we could achieve anatomic restoration with the device, (2) specific complications were associated with this minimally invasive approach (particularly enhanced intraoperative blood loss, soft tissue complications, and iatrogenic neurovascular damage), and (3) function 3 years after trauma was comparable to that of established methods. Our study has several limitations. First, the lack of a controlled, randomized prospective trial approach does not allow us to directly compare our findings with those with other techniques or to recommend specific guidelines. Second, some authors have emphasized the relevance of an intact ventral pelvic ring regarding the stability of the entire pelvic system [21, 39] . Our cohort included patients with isolated dorsal pelvic ring injuries and combined lesions of the ventral and dorsal structures. However, the number of patients involved in our study is too small to allow meaningful subgroup comparisons. Nonetheless our patient sample is comparable to those in other studies regarding age, gender, trauma mechanism, comorbidity, and injury severity [9, 17, 27] . Similarly, we had too few patients with excessive durations of ventilatory support and compromised immune defense to analyze. Third, reductions were graded by three radiographic views of the pelvis. This might not reflect the maximum amount of displacement and there is debate in the literature regarding the correlation of radiographic displacement and functional outcome [22, 24] .
Fourth, the Pelvic Outcome Score is not rigorously validated against another outcome score for patient satisfaction and is more a categorical scoring instrument. This score was first used in a multicenter study with 486 patients in 1996 [28] . Other studies regarding pelvic ring injuries used this tool to investigate complaints of their patients [20, 27, 28] . Lindahl and Hirvensalo [22] compared this score with the scoring system described by Majeed [23] , with similar findings. We used this score to compare our findings with those in the literature. However, owing to ceiling effects, it is possible differences between patient subgroups would not be detected. However we believe this categorical classification is reasonable to obtain an overview of patient satisfaction.
One of our 62 patients had persistent displacement greater than 5 mm at last followup. There is controversy in the literature if displacement greater than 5 mm leads to functional impairment. One study suggests an association between residual displacement in the radiographic analysis and pain during activities of daily living [22] , whereas another found no such relationship [25] . Additional controversy exists regarding how much displacement is tolerable. In one study, 1-cm residual displacement is tolerated by most patients, whereas remaining displacement greater than 1 cm results in severe pain in as much as 23% of patients [26] . According to Tornetta and Matta [40] , reduction is graded as excellent if it is 4 mm or less and good if between 4 mm and 10 mm remaining displacement is achieved. Their suggestion is supported by a study of 64 patients with dorsal pelvic ring injuries in which displacement of 4 mm or greater was linked to increased probability for severe pain and decreased function [5] . Lindahl and Hirvensalo suggested a patient could have a maximum of 5 mm displacement with high functional scores [22] . Another study reported 40 patients and the use of reconstruction plates (30 patients) or percutaneous iliosacral fixation (screws or sacral bars, 10 patients). They found two patients had displacement between 10 and 20 mm whereas the remaining patients had no displacement greater than 10 mm [17] . A displacement of 5 mm or less was achieved in 66 of 101 patients with Type C pelvic ring injuries [22] .
In a systematic review of a total of 516 patients with internal fixation of the posterior pelvis [26] , a malunion rate of 7% and an implant failure rate of 5% among 455 patients were reported. One of our 67 patients had secondary displacement because of implant failure. In the above-mentioned review, the authors reported a median infection rate of 6% [26] , and Lindahl and Hirvensalo reported an infection rate of 5% for 101 patients with Type C injuries undergoing ORIF [22] . Four of our patients had wound infections (7%). These patients were treated with wound irrigation, débridement, and appropriate antibiotics, depending on culture results. All infections occurred during the first 4 weeks postoperatively in patients who required long-term invasive ventilation. The risk of neurologic injury after positioning of sacroiliac screws has been reported between less than 1% and as much as 8% [12, 36] , and in a study of 101 patients using either ORIF with plate osteosynthesis or iliosacral screws, one L5 nerve root lesion occurred [22] . We identified no case of neurovascular damage in our 62 patients. There are insufficient data from the literature regarding the time needed for implantation of different devices and intraoperative blood loss. The time for implantation of the TIFI averaged 29 minutes (the longest setting required 48 minutes), and blood loss caused by the approach was no more than 50 mL in each patient. In 40 patients who underwent ORIF for completely unstable pelvic ring fractures (posterior followed by anterior internal fixation), the average volume of intraoperative blood loss was reported as 850 mL [17] , and for 103 posterior internal fixations, the mean operative time of 98 minutes and mean total blood loss of 1400 mL were reported [22] . Short duration of wound opening in the operating room and minimized intraoperative blood loss are factors that reduce soft tissue infections and minimize accompanying risks regarding volume therapy and blood transfusion. Therefore, we believe the short operative duration and marginal blood loss are advantages of the TIFI.
In one prospective study including 28 Type C lesions, no or slight pain was present in 50% of patients, moderate pain was present in 43%, and severe pain was present in only 7% [7] . However, half of all patients in this group had to change their profession because of their pelvic ring injuries [7] . Comparable findings were reported by Pohlemann et al. [27] , with a followup of 21 patients with Type C injuries. In our study, including patients with pelvic complex trauma, 37% had no or only slight pain during activities, 54% had moderate pain, and 8% had severe pain. In a study of 31 patients with dorsal or ventrodorsal injuries to the pelvic ring, social reintegration according to the pelvic outcome score was complete only in 1 . 3 of the cases [19] (Table 6 ). Twenty-eight of 62 of our patients had the same social life activities as before their trauma.
We assessed displacement, complication rates including intraoperative blood loss, and function in patients treated with a TIFI for an unstable dorsal pelvic ring injury. Longtime displacement in the radiographic analysis, complication rates, and long-term functional outcome were in a similar range as those of other fixation methods. Caution should be exercised in applying our findings to all patients, owing to complications from associated injuries in individual patients. Future multi-institutional, prospective randomized studies may be able to achieve sufficient patient numbers to clarify whether this device is appropriate for all patient subpopulations.
